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Description 

The  present  invention  relates  to  a  landing  aid, 
for  a  helicopter  with  a  tail  rotor,  for  providing  the 
pilot  with  signals  to  assist  the  pilot  in  a  simulated  s 
or  real  auto-rotation  landing  to  carry  out  and 
complete  the  flare  at  the  correct  times. 

Statistics  show  that  contact  with  an  obstruction 
(very  commonly  with  the  ground)  by  the  tail  rotor 
of  a  helicopter  is  major  cause  of  helicopter  acci-  w 
dents.  The  danger  of  this  occurring  is  very  high  in 
actual  auto-gyro  or  auto-rotation  landings  (land- 
ing  with  a  switched-off  or  a  defective  motor),  and 
in  auto-rotation  training  landings. 

The  critical  flying  phase  in  an  auto-rotation  is 
landing  of  a  helicopter  is,  as  is  known,  the  so-called 
final  flare  phase,  that  is  with  the  helicopter  tilted 
with  the  tail  extending  obliquely  downwards 
immediately  before  the  helicopter  is  set  on  the 
ground.  There  is  the  danger  in  carrying  out  the  20 
final  flare  phase  at  low  level  that  the  obliquely 
downwardly  hanging  tail,  and  therefore  the  tail 
rotor  secured  to  it,  will  touch  the  ground,  with  the 
result  that  the  helicopter,  which  no  longer  has  any 
counter  moment,  will  turn  abruptly.  It  is  extremely  25 
difficult  for  the  pilot  to  recognize  when  the  optimal 
flare  altitude  has  been  reached,  particularly  in  bad 
visibility.  But  even  in  perfect  visibility,  it  is  almost 
impossible  for  even  experienced  pilots  accurately 
to  judge  the  distance  from  the  ground  of  the  tail,  30 
which  is  situated  several  meters  away  from  him. 
Adding  to  the  difficulty  is  the  fact  that  even  small 
changes  in  the  angle  of  inclination  of  the  helicopter 
lead  to  considerable  changes  in  height  at  the  end 
of  a  long  tail,  and  that  the  rate  of  vertical  descent  is  35 
of  considerable  importance  in  determing  the  likeli- 
hood  of  contact. 

If  the  initial  and  final  flare  phases  are  carried  out 
at  too  high  an  altitude,  then,  after  the  rotors  have 
slowed  down,  the  helicopter  sinks  too  rapidly  and,  40 
in  landing,  the  landing  gear  and  backbone  may  be 
damaged.  Should  the  pilot  attempt  to  correct  for 
the  rapid  sink  rate  by  increasing  the  pitch  too 
much,  then  the  main  rotor  blades,  with  their  low 
rotation  energy,  bend  and  may  slice  into  the  tail  45 
cone  or  even  the  forward  cabin.  Pilots  are,  there- 
fore,  urged  in  training  first  to  "go  for  the  ground 
then  flare". 

The  risk  then  occu  rs  that  the  flare  is  carried  out  at 
too  low  an  altitude  and  the  tail  and  tail  rotor  come  so 
into  contact  with  the  ground. 

The  tail  rotor  blades  can  contact  the  ground  even 
though  helicopters  with  a  tail  rotor  have  a  mechan- 
ical  protection  device.  This  mechanical  protection 
device  may  consist  simply  of  an  arm  or  bar  ss 
structure  which  extends  from  the  tail  downwardly 
and  then  rearwardly  to  a  level  below  the  level  of 
the  arc  described  by  the  tips  of  the  blade.  In  other 
cases  it  is  formed  by  a  bar  on  a  tail  fin.  The  device  is 
intended  to  give  specific  protection  in  the  flare  so 
situation.  However,  if,  as  is  natural,  the  pilot  has 
sought  the  softest  ground,  e.g.  a  ploughed  field, 
the  mechanical  protection  arm  or  device  forthe  tail 
rotors  may  enter  the  soft  ground  without  the  pilot 
being  awareofitandthenthetailrotorwill  contact.  65 

The  applicant's  European  Patent  Application 
83  107  382.0  (EP—  A—  0  109  484,  published  on 
30.05.1984)  discloses  a  warning  device  which 
gives  the  pilot  a  warning  signal  when  there  is 
danger  during  the  final  flare  phase  of  the  tail  rotor 
contacting  the  ground.  This  device,  which  incor- 
porates  a  height-measuring  arrangement  trans- 
mitting  a  high  frequency  electromagnetic  wave 
beam,  used  in  the  height  measurements  obliquely 
backwards  and  downwards,  only  gives  the  pilot  a 
warning  signal  in  the  event  of  threatened  contact 
with  the  ground. 

The  aim  of  the  present  invention  is  to  provide  a 
landing  aid  which  not  only  provides  the  pilot  with 
an  indication  of  when  to  cease  the  final  flare  phase 
but  also  when  to  initiate  the  flare. 

According  to  the  present  invention  there  is 
provided  a  landing  aid,  for  a  helicopter  with  a  tail 
rotor,  for  assisting  a  pilot  to  carry  out  a  simulated 
or  real  auto-rotation  landing,  comprising  a  height- 
measuring  arrangement  with  transmitting  and 
receiving  means,  positioned  at  the  tail  of  the 
helicopter,  for  a  high  frequency  electromagnetic 
wave  beam  the  axis  of  which  is  directed  backwards 
and  obliquely  downwards  from  the  helicopter, 
relative  to  the  horizontal  axis  thereof,  and  means 
for  calculating  the  tail  height  from  the  reflected 
electromagnetic  wave  signals;  and  further  com- 
prising  computing  means  for  computing  the  tail 
sink  rate  from  the  said  height  measurements  or 
reflected  electromagnetic  wave  signals,  means  for 
providing  a  flare  signal  to  tell  the  pilot  to  start  the 
flare,  and  means  for  providing  a  warning  signal  to 
tell  the  pilot  to  stop  the  flare  when  the  tail  sink  rate 
relative  to  its  instantaneous  height  corresponds  to 
a  value  indicating  danger  of  tail/ground  contact. 

In  one  embodiment,  the  transmitting  and  receiv- 
ing  means  comprises  a  landing  aid  according  to 
claim  1  wherein  the  transmitting  and  receiving 
means  comprise  first  means  for  transmitting  said 
high  frequency  electromagnetic  wave  beam  or 
first  beam  and  second  transmitting  and  receiving 
means  for  transmitting  a  second  high  frequency 
electromagnetic  wave  beam  directed  substantially 
vertically  downwards  when  the  helicopter  axis  is 
substantially  horizontal  and  wherein  the  height 
calculation  and  tail  sink  rate  computation  is 
effected  using  the  second  beam  signals  priorto  the 
giving  of  the  flare  signal  and  using  said  first  beam 
signals  after  the  giving  of  said  flare  signal. 

Preferably  in  said  one  embodiment  the  height 
measuring  arrangement  and  first  and  second 
transmitting  and  receiving  means  are  formed  by  a 
single  height  determining  radar  equipment  feed- 
ing  two  separate  transmit/receive  antennas  via  a 
switching  arrangement,  one  transmit/receive 
antenna  being  for  the  first  beam  and  the  other  for 
the  second  beam. 

Preferably  the  landing  aid  is  such  that  on  take- 
off,  the  operative  height-measuring  beam  is  said 
first  beam  but  the  operative  beam  changes  to  the 
second  beam  as  soon  as  the  helicopter  exceeds 
said  predetermined  initial  flare  altitude.  This 
ensures  that,  during  this  take-off  phase  and  whilst 
flying  at  low  level,  the  tail/ground  contact  warning 
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For  a  better  understanding  of  the  present  inven- 
tion  reference  will  now  be  made,  by  way  of 
example,  to  the  accompanying  drawings  in 
which: 

5  Figure  1  shows  a  landing  aid  according  to  the 
invention,  as  an  "add-on"  module,  in  perspective 
sketch-form,  one  part  of  the  housing  being  broken 
away; 

Figures  2  and  3  each  show  in  diagrammatic 
10  form  a  helicopter  with  a  warning  device  according 

to  one  embodiment  of  the  invention  mounted 
thereon; 

Figure  4  shows  a  block  circuit  diagram  of  a 
warning  device  of  this  embodiment  of  the  inven- 

15  tion; 
Figures  5  and  6  show  in  diagrammatic  form  a 

helicopter  with  a  warning  device,  according  to  a 
second  embodiment  of  the  invention,  mounted 
thereon;  and 

20  Figure  7  shows  a  block  circuit  diagram  of  the 
second  embodiment  of  the  invention. 

As  shown  in  Fig.  1,  the  "add-on"  form  of  the 
landing  aid  10'  according  to  the  first  embodiment 
of  the  invention  is  housed  in  a  protective  housing 

25  10  which  has  securing  clamps  10a  on  one  of  its 
sides.  There  are  accommodated  in  the  housing  a 
radar  height-finder  unit  11,  a  computer  or  micro- 
processor  unit  12,  a  radio  transmitter  unit  13  and 
an  electrical  battery  power  supply  14.  10b  and  10c 

30  denote  apertures  in  the  protective  housing  10, 
through  which  the  height-finder  11  emits  radar 
beams.  The  signal  output  of  the  height-finder  11 
is  connected  to  the  computer  12  whose  output 
then  controls  the  radio  transmitter  13.  The  current 

35  supply  for  the  devices  11,  12  and  13  is  provided  by 
the  battery  power  supply  14. 

Figures  2  and  3  each  show  a  helicopter  with  a 
tail  section  16,  a  mechanical  tail  rotor  protection 
device  15  and  a  landing  aid  10'  according  to  the 

40  invention  mounted  on  the  tail  rotor  protection 
device.  The  landing  aid  could,  of  course,  be 
mounted  on  the  helicopter  tail  itself  if  more 
convenient.  Figure  2  shows  a  helicopter  in  an 
emergency  loss-of-power  descent  prior  to  going 

45  into  a  flare  attitude  and  Figure  3  shows  the 
helicopter  in  the  flare  attitude.  Also  shown  in  the 
drawings  are  first  and  second  high  frequency 
electro-magnetic  wave  beams  17  and  18  respec- 
tively  used  in  height  measurement.  The  device 

so  10'  is  mounted  such  that  it  points  rearwardly  and 
downwardly  relative  to  the  helicopter  longitudinal 
axis. 

In  Fig.  4,  which  shows  the  block  circuit  diagram 
of  the  landing  aid,  the  housing  10  is  represented 

55  by  a  dot-dash  line. 
As  shown  by  dashed  lines  in  Figure  4,  there  are 

accommodated  in  the  housing  a  radar  height- 
finder  unit  11,  a  computer  or  microprocessor  unit 
12,  a  radio  transmitter  unit  13  and  an  electrical 

60  battery  power  supply  14.  10b  and  10c  denote 
apertures  in  the  protective  housing  10  through 
which  the  height-finder  11  emits,  as  required,  the 
appropriate  radar  beam  17  or  18  respectively.  The 
signal  output  of  the  height-finder  11  is  connected 

65  to  the  computer  12  whose  output  then  controls 

signal  will  be  given  each  time  if  there  is  danger  of 
a  tail  collision. 

In  a  second  embodiment  of  the  present  inven- 
tion  said  high  frequency  electromagnetic  wave 
beam  is  sufficiently  broad  to  ensure  that  both 
when  the  helicopter  is  at  a  customary  auto- 
rotation  attitude  in  a  descent  prior  to  flare  and 
when  in  the  steepest  normal  flare  attitude, 
reflected  wave  signals  are  receivable  from  the 
ground  substantially  vertically  below  the  tail 
mounted  transmitting  and  receiving  means. 

An  appropriate  height  for  generating  the  flare 
signal  for  the  initial  flare  phase  with,  for  example, 
a  Bell  206  helicopter,  may  be  approximately  three 
and  a  half  times  the  rotor  diameter,  i.e.  approxi- 
mately  36  meters.  Preferably  the  flare  signal  is 
transmitted  for,  say,  1.0  sec. 

The  tail/ground  contact  warning  signal  in  the 
final  flare  phase  may  with  advantage  be  initiated 
when  the  rate  of  approach  to  the  ground  and 
height  is  such  that  without  helicopter  attitude 
correction,  tail  contact  would  occur  in  1.5  sees. 
This  allows  the  pilot  about  1  second  to  come  out 
of  the  flare. 

Other  height  or  time  settings  may,  of  course,  be 
chosen  as  more  appropriate  from  experience  and, 
particularly,  with  different  types  of  helicopter. 

The  landing  aid  according  to  the  invention, 
therefore,  emits  tail/ground  contact  warning 
signals  not  at  specific  constant  warning  distances 
but  at  distances  that  depend  on  the  rate  of  vertical 
descent  of  the  tail  of  the  helicopter.  The  micro- 
processor  or  computing  means  of  the  landing  aid 
is,  therefore,  programmed,  for  the  specific 
helicopter  type  and  so  that  the  distances  from  the 
ground  at  which  the  tail/ground  contact  warning 
signals  are  released  are  greater  the  greater  the 
rate  of  vertical  descent  of  the  helicopter. 

The  landing  aid  according  to  the  invention, 
therefore,  assists  the  pilot  to  carry  out  auto- 
rotation  in  training  or  in  emergencies  without 
danger  of  tail  impact  during  the  final  flare  phase 
or  of  starting  to  flare  at  the  wrong  altitude.  This  is 
so  in  training  even  in  the  absense  of  an  instructor. 

To  enable  the  device  to  be  used  only  in  training 
flights  or  as  a  simple  "add-on"  module  to  existing 
helicopters,  the  device  can  be  contained  in  a 
housing  with  releasable  clamps  for  clamping  the 
housing  to  the  tail  and  in  this  case  the  device 
preferably  includes  an  independent  power  supply 
and  a  VHF  frequency  transmitter  or  electro-optical 
transmitter  for  transmitting  signals  to  a  radio 
receiver  or  optical  signal  receiver  in  the  cockpit.  It 
can,  of  course,  be  enough  for  a  helicopter  flying 
school  to  have  one  or  two  such  warning  devices, 
which  are  then  mounted  on  the  helicopters  with 
which  it  is  desired  to  practice  an  auto-rotation 
landing. 

For  practice  auto-rotation  landings,  the  "add- 
on"  device  version  should,  as  mentioned,  have  its 
own  current  supply  and,  therefore,  operate  com- 
pletely  independently.  It  is  also  beneficial  that  the 
arrangement,  particularly  when  using  radar 
beams,  can  be  kept  very  small  and  weigh  only  a 
small  amount,  say,  about  2  kg. 
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into  the  appropriate  voltage  levels  for  operation 
and  supplies  these  voltages  via  means  not  shown 
to  the  units  11,12  and  13.  Output  from  the  power 
supply  unit  is  also  coupled  to  the  interface  unit  22 
so  that  following  a  battery  test  input  on  socket  21, 
a  battery  test  is  performed  by  the  microprocessor 
unit  12. 

Upon  take-off  and  initial  switching  on  of  the 
system;  the  computing  means,  via  a  signal  from 
unit  28  to  switch  unit  38,  causes  the  switch  to 
direct  the  output  of  radar  module  25  to  antenna  26 
to  produce  the  first  height-finding  radar  beam  17. 
When  climbing  after  take-off,  the  helicopter 
reaches  the  predetermined  initial  flare  altitude  at 
which  during  an  auto-rotation  descent  the  initial 
flare  warning  signal  is  to  be  given,  the  switch  unit 
38  receives  a  signal  from  processor  28  to  switch 
the  output  of  module  25  to  antenna  40  so  as  to 
produce  beam  18.  The  main  axis  of  beam  18  is 
directed  substantially  vertically  downwardly  with 
the  helicopter  axis  substantially  horizontal. 

The  radar  height-finding  or  altimeter  unit  11 
operates  in  normal  manner.  Radar  module  25  is 
supplied  with  a  continuous  wave  modulation 
signal  by  means  of  the  timing  oscillator  23  and 
the  signal  generator/driver  unit  24.  A  modulated 
RF  radar  signal  is  transmitted  to  the  ground  and 
the  reflected  signals  are  processed  in  module  25 
to  derive  the  instantaneous  height  of  the  helicop- 
ter  tail  above  the  surface  of  the  ground  or  other 
obstruction  in  the  path  of  the  radar  beam.  The 
processed  signals  are  fed  to  the  filter  and  pream- 
plifier  unit  27  and  the  amplified  height  repre- 
sentative  output  signals  of  unit  27  are  fed  to  the 
gate  41.  Gate  41  is  opened  periodically  by  sam- 
pling  signals  from  the  timing  oscillator  23  and  the 
height  signals  are  passed  by  the  opened  gate  to 
the  microprocessor  calculator  28  via  the  interface 
22.  For  fast  response  the  sampling  rate  needs,  of 
course,  to  be  high. 

If,  after  the  landing  aid  has  switched  to  beam 
18,  the  helicopter  approaches  the  initial  flare 
altitude  (e.g.  3-1/2  times  main  rotor  diameter), 
processor  unit  28  sends  a  signal  to  the  signal  tone 
generator  30  to  initiate  therefrom  a  flare  signal. 
This  signal  is  sent  sufficiently  early  prior  to  the 
initial  flare  altitude  being  reached  such  that  with 
the  normal  pilot  reaction  time,  the  pilot  will  start 
the  flare  at  the  correct  altitude.  Microprocessor  12 
calculates  when  to  send  the  signal  based  on  the 
sink  rate  etc. 

The  tone  generator  30  transmits  a  flare  indica- 
tion  signal  in  accordance  with  the  flare  signal 
stored  in  'the  store  31  to  the  radio  transmitter  32 
which  transmits  it  via  the  transmission  antenna 
lOd.  This  flare  signal  is  sent  for  approximately  1 
second.  Alternatively,  it  can  be  transmitted  until 
the  helicopter  has  reached  a  height  of  two  times 
the  main  rotor  diameter.  This  transmitted  flare 
signal  is  received  over  the  normal  VHF  radio 
receiver  36  from  the  antenna  35  and  will  be  heard 
by  the  pilot  either  over  the  loudspeaker  or  the 
head-phones  37. 

If  the  flare  signal  is  to  be  sent  for  a  fixed  time, 
then  as  soon  as  the  signal  is  sent  from  unit  28  to 

the  radio  transmitter  13.  The  current  supply  for 
the  devices  11,  12  and  13  is  provided  by  the 
battery  power  supply  14. 

The  battery  power  supply  14  comprises  a 
battery  or  accumulator  19  and  a  power  supply  .5 
arrangement  20  which  converts  the  battery  out- 
put  into  appropriate  voltages  for  the  other  circuit 
elements  of  the  warning  device.  Battery  charging 
and  battery  test  signal  sockets  21  are  provided  on 
the  housing  10.  Outputs  from  the  power  supply  20  10 
are  connected  for  battery  testing  to  an  interface 
unit  22  which  forms  part  of  the  microprocessor 
device  12.  Power  is  supplied  for  operation  by 
means  not  shown  from  supply  14  to  the  units  11, 
12  and  13.  15 

The  radar  height-finding  arrangement  com- 
prises  a  timing  oscillator  and  divider  unit  23 
which  has  outputs  coupled  to  the  interface  unit 
22,  a  gate  circuit  43  and  a  signal  generator/driver 
unit  24.  The  output  of  the  signal  generator/driver  20 
unit  24  is  fed  to  a  K-band  radar  height-finder 
module  25.  Different  forms  of  module  can  be  used 
either  working  according  to  the  FM  —  CW  or  pulse 
type  radar  principles.  The  radar  signal  output  of 
the  module  25  passes  via  a  switch  unit  38  to  either  25 
antenna  26  or  antenna  40  to  produce  the  radar 
height-finding  beam  17  or  18  respectively,  and  the 
return  radar  beam  signals  are  passed  via  the 
switch  unit  38  to  be  processed  in  the  module  25  to 
give  a  height  output  signal.  T  —  R  switches  (not  30 
shown)  are  used  to  isolate  the  transmitted  and 
received  radar  signals.  This  height  output  signal 
of  module  25  is  coupled  via  a  filter  and  pre- 
amplifier/limiter  unit  27  to  a  gate  41  and  the 
output  from  gate  unit  41  is  fed  via  the  interface  35 
unit  22  to  a  microprocessor  calculator  28. 

The  microprocessor  unit  or  computing  means 
12  comprises  in  addition  to  the  calculator  unit  28  a 
store  29,  for  storing  calculation  constants  and 
which  is  coupled  to  the  calculator  28.  One  output  40 
of  calculator  28  is  coupled  to  a  warning  tone 
generator  30  which  is  also  fed  by  a  warning  signal 
store  31,  the  parts  30  and  31  also  forming  part  of 
the  overall  microprocessor  unit  12.  A  second 
output  of  calculator  unit  28  is  fed  as  an  input  to  45 
the  switch  unit  38. 

The  VHF  radio  transmitter  unit  13  may  comprise 
a  standard  flight  VHF  radio  transmitter  32  and  this 
unit  32  has  a  quartz-controlled  transmitter 
oscillator  unit  33.  The  output  of  the  radio  trans-  so 
mitter  13  is  coupled  to  a  transmitting  antenna 
10d. 

Also  shown  in  Fig.  4  is  part  of  the  helicopter 
instrumentation  referenced  34.  This  comprises 
the  normal  radio  receiving  antenna  35  coupled  to  55 
the  standard  flight  radio  receiver  36  the  output  of 
which  is  coupled  to  a  loudspeaker  or  head- 
phones  unit  37. 

Finally,  the  housing  10  has  a  servicing  or  test 
socket  38  by  which  signals  can  be  checked  for  the  60 
units  via  the  interface  22. 

The  arrangement  shown  in  Fig.  4  operates  as 
follows: 

Battery  19  provides  power  to  the  power  supply 
unit  20  which  converts  the  voltage  of  battery  19  65 
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to  use  the  same  device  both  for  the  auto-rotation 
landing  in  different  helicopters.  Although  the 
switch-over  from  one  antenna  to  the  other  has 
been  shown  as  being  controlled  by  the  processor 

5  28,  it  could,  alternatively,  be  effected  by  a 
separate  unit  fed  with  the  instantaneous  height 
output  of  the  radar  module  25.  In  the  latter  case, 
an  output  of  this  separate  control  unit  would  be 
fed  to  processor  28  to  inform  that  unit  of  the 

10  antenna  in  use  so  that  the  appropriate  warning 
signals  are  initiated. 

Similarly,  two  separate  radar  modules  each 
permanently  in  use  and  each  associated  with  a 
respective  antenna  could  be  used  and  solely  the 

15  outputs  therefrom  selected  before  and  after 
reaching  the  initial  flare  altitude. 

Clearly,  a  warning  device  according  to  the 
invention  can  be  fitted  as  initial  permanent  equip- 
ment  in  the  original  construction  of  a  helicopter. 

20  In  this  case  it  may  be  preferable  to  mount  solely 
the  transmitting/receiving  antenna  of  the  radar 
height-finder  at  the  end  of  the  tail  portion,  the 
remainder  of  the  equipment  being  mounted  in  the 
cabin  section.  However,  since  the  equipment  may 

25  be  so  small,  most  of  it  may  be  mounted  at  the  tail 
in  this  original  fitting  version  also.  Obviously,  the 
transmitter  13  may  not  be  needed  in  this  "initial- 
fit"  case  and  the  warning  signal  could  be  brought 
to  the  pilot  in  another  way  by  cable  or  optical 

30  fibers. 
Figure  5  to  7  show  diagrammatically  a  second, 

preferred,  embodiment  of  the  invention.  In  these 
Figures,  parts  similar  to  parts  in  the  landing  aid  of 
Figures  1  to  4  have  been  given  the  same 

35  references.  This  second  embodiment  utilizes  a 
single  radar  beam  with  a  broad  radar  beam  lobe 
instead  of  two  separate  switchable  radar  beams 
as  in  the  embodiment  of  Figures  1  to  4. 

Figures  6  and  5  show  a  helicopter  in  a  pre-flare 
40  attitude  and  flare  attitude  respectively  during  an 

auto-rotation  descent  although  the  distances 
from  the  ground  are  not  to  scale  and  compara- 
tively  incorrect.  The  spacing  between  the  helicop- 
ter  and  the  ground,  used  in  the  drawing  is  simply 

45  the  spacing  required  to  enable  the  radar  beam 
characteristic  pattern  and  direction  to  be  drawn  in 
clearly.  The  radar  beam  has  a  main  axis  62  and  is 
broad  enough  such  that  measurements  of  the 
distance  vertically  below  the  landing  aid  1  0  can  be 

50  made  with  the  single  constant  main  beam  axis 
direction  when  the  helicopter  is  both  in  the  flare 
attitude  and  in  the  pre-flare  auto-rotation  attitude. 
In  these  Figures,  line  61  represents  the  vertical 
line  extending  between  the  landing  aid  10  and  the 

55  ground  and  lines  63  indicate  the  extreme  measur- 
ing  limits  of  the  shown  radar  beam,  the  lobe  64  as 
usual  indicating  simply  the  signal  strength  of 
signals  within  the  beam  at  different  angles  to  the 
beam  axis.  Clearly,  line  61  lies  between  these 

60  measurement  limits  in  both  drawings  and,  there- 
fore,  a  measurement  of  the  vertical  height  of  the 
tail  from  the  ground  may  be  achieved  in  both 
attitudes  using  a  single  beam  without  switching 
of  the  beam  direction.  The  beam  is  a  conical  beam 

65  so  that  even  when  there  is  a  side-ways  tilt  or  yaw 

initiate  the  flare  signal,  another  signal  is  also  sent 
from  unit  28,  via  its  other  output,  to  switch  unit  38 
to  cause  the  switch-over  of  the  connection  of  the 
radar  module  25  from  antenna  40  to  antenna  26.  If 
the  flare  signal  is  to  be  transmitted  until  the 
height  falls  to  two  times  the  rotor  diameter,  then 
the  signal  to  effect  switch-over  of  the  antennas  is 
not  sent  until  that  height  has  been  reached. 

When  in  the  flare,  with  the  height-finding  beam 
17  being  transmitted  from  antenna  26,  the  micro- 
processor  calculator  28  calculates  the  sink  rate  of 
the  helicopter  tail  using  timing  signals  received 
from  the  unit  23  and  the  sampled  height  signals 
from  the  height-finder  11.  The  sink  rate  and  the 
instantaneous  height  are  compared  with  calcula- 
tion  constants  from  the  store  29  and,  if  the  height 
falls  below  a  predetermined  limit  for  the  relevant 
sink  rate,  a  warning  signal  is  generated  and  fed  to 
the  warning  tone  generator  30.  This  second  warn- 
ing  signal  is  transmitted  over  the  radio  transmit- 
ter  in  the  same  way  as  the  flare  signal. 

The  warning  signal  in  the  final  flare  phase 
indicates  to  the  pilot  that  he  needs  to  immediately 
come  out  of  the  final  flare  and  level  off  if  he  is  to 
avoid  tail/ground  contact.  This  warning  signal  will 
be  transmitted  at  a  height  depending  on  helicop- 
ter  type  and  sink  rate  and  may  be  sent  at  a  tail 
height  of,  say,  one  meter  or  less  in  some  cases. 
The  rate  of  sampling  of  the  height  signal  by  gate 
43  and  timing  oscillator  23  may  be  lower  at  higher 
altitudes  than  at  low  altitudes  and  arrangements 
not  shown  may  be  provided  to  vary  the  sampling 
rate  dependent  upon  the  instantaneous  height 
measurement.  Obviously,  the  sampling  rate 
needs  to  be  high  and  the  height-finder  very 
accurate  with  the  short  times  and  small  height 
differences  involved. 

The  stores  31  and  29  may  be  made  exchange- 
able  so  as  to  provide  respectively  for  different 
types  of  warnings  and  also  to  provide  for  different 
calculation  constants  appropriate  "to  different 
types  of  helicopters. 

Similarly,  the  transmission  oscillator  34  may  be 
changeable  to  provide  for  the  different  receiving 
frequencies  of  the  receiver  of  the  different 
helicopters  to  which  the  unit  may  be  fitted.  If  the 
transmitter  32  is  a  broad  band  transmitter,  this 
will  avoid  the  need  for  many  otherwise  necessary 
changes  of  the  transmission  "oscillator".  This  will 
not  unduly  interfere  with  other  air  traffic  since  it  is 
intended  that  the  transmission  range  should  be 
small,  e.g.  not  exceeding  the  50  m  range,  and 
only  sufficient  to  be  reliably  picked  up  by  the 
helicopter  receiver.  Instead  of  working  through 
the  normal  aircraft  receiver,  a  separate  VHF 
receiver  could  be  used  coupled  to  the  pilot's 
head-phones  and  this  receiver  and  the  transmitter 
of  the  warning  device  would  then  both  be  tuned 
to  the  same  specific  narrow  band  frequency. 

The  device  of  Figures  1  to  4  can,  of  course,  be 
changed  in  many  ways.  The  shape  of  the  housing 
10  is,  advantageously  for  example,  of  an  aerody- 
namic  design.  It  is  advantageous  if  the  micro- 
processor  12  is  suitable  for  storing  several  fixed 
programs  because  its  is  then  particularly  simple 
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of  the  helicopter,  a  measurement  of  the  vertical 
distance  to  the  ground  may  be  achieved  since  the 
vertical  distance  will  still  lie  within  the  radar  beam 
cone. 

The  landing  aid  circuit  diagram  for  the  embodi-  5 
ment  of  Figures  5  and  6  is  given  in  Fig.  7.  The  unit 
10'  mounted  at  the  tail  like  the  circuit  of  Fig.  4,  has 
an  individual  battery  19  which  through  a  power 
supply  circuit  20  feeds  the  necessary  voltages  to 
the  different  units  in  the  housing  10.  21  again  10 
denotes  a  charging  or  test  terminal  but  in  this 
circuit  there  is  also  provided  an  additional  unit  52 
which  is  used  as  a  state  of  charge  sensor  for  the 
battery  19,  information  about  the  charge  state 
being  fed  via  interface  22  to  the  calculator  or  15 
processor  unit  28.  A  warning  signal  can,  of 
course,  be  initiated  by  means,  not  shown,  acti- 
vated  by  the  processor  28  if  the  state  of  charge  is 
insufficient  to  ensure  correct  operation  of  the 
landing  aid.  20 

In  the  radar  height-finder  section  11  of  this 
embodiment,  the  radar  output  is  fed  to  a  separate 
antenna  26a  from  that  antenna,  26b,  used  for 
reception  so  that  a  TR  switch  is  not  necessary.  A 
radar  driver  unit  24  as  with  the  circuit  of  Fig.  4  25 
provides  pulse  or  frequency  modulation  signals 
to  the  radar  microwave  head  module  25.  The 
carrier  frequency  of  the  radar  is  chosen  to  be  in 
the  K  band  between  26.5  and  40  GHZ,  for 
example,  a  carrier  frequency  of  35  GHZ.  30 

Some  conventional  radar  height-finders  also 
use  separate  transmitting  and  receiving  antennas 
which  are  fixed  and  spaced  apart  but  normally 
these  are  spaced  a  significant  distance  apart,  e.g. 
several  or  more  meters,  the  actual  distance  vary-  35 
ing  with  radar  height-finder  type  and/or  helicopter 
type.  In  the  present  arrangement  because  of  the 
very  high  frequency,  and  consequent  short  wave 
length  of  the  radar  signals,  the  spacing  of  the 
transmitting  and  receiving  microwave  antennas  is  40 
intended  to  be  very  small  —  of  the  order  of  15  cm 
or  less.  This  together  with  the  use  of  a  wide 
bandwidth  results  in  very  much  greater  accuracy 
of  the  tail  height  measurements  close  to  the 
ground  than  is  achievable  with  the  wide  spacing  45 
employed  with  conventional  height-finders. 

With  appropriate  bandwidth  and  with  this  small 
spacing,  accuracy  of  measurement  of  distances 
may  be  better  than  ±15  cm  which  is  the  order  of 
accuracy  required  to  enable  accurate  signalling  of  50 
the  flare  and  warning  signals.  Triangulation 
errors  cause  conventional  radar  height  meters  to 
be  unsuitable  for  such  landing  aids.  Signals 
received  by  antenna  26b  return  to  the  radar  head 
module  25  and  are  passed  to  the  radar  signal  55 
processing  unit  27  which  calculates  therefrom  the 
height  and  sink  rate  of  the  tail  section.  The  units 
24,  25  and  27  can  with  advantage  be  designed  so 
as  effectively  to  track  the  ground,  i.e.  instead  of 
always  measuring  through  the  complete  range  so 
the  previously  measured  height  is  used  to  define 
the  region  of  the  signals  to  be  examined  for  the 
expected  new  height  return  signal  echo.  Feedback 
control  of  the  radar  driver  24  by  the  signal 
processing  unit  27  can  thus  improve  the  signal/  65 

noise  ratio.  Such  types  of  radar  system  are 
already  known. 

Alternatively  to  determining  the  sink  rate  from 
the  change  in  the  height  measurement  signals, 
the  sink  rate  may  be  extracted  by  doppler  fre- 
quency  measurement  which,  although  more 
expensive,  may  be  more  accurate. 

All  the  units  are  synchronised  by  signals  from 
the  clock  or  timing  oscillator  23  which  feeds  its 
output  to  processor  28  and  via  the  interface  22  to 
the  other  circuits.  The  processor  28  in  this 
embodiment  can  be  relatively  simple  and  is  used 
to  control  the  radar  and  the  transmission  of 
signals  to  a  cockpit  unit  23  of  the  landing  aid  and 
prepares  digital  height  and  sink  rate  signals  for 
transmission  to  the  unit  34. 

In  this  second  embodiment  of  the  invention, 
signals  are  transmitted  from  the  tail  mounted 
height-finding  unit  to  the  cockpit  unit  34  by  optical 
means  instead  of  by  a  radio  transmitting  arrange- 
ment  as  in  the  first  embodiment  shown  in  Fig.  4. 
The  transmitter  unit  13  comprises  a  signal 
generator  and  driver  section  33  to  which  the 
height  and  sink  rate  signals  are  fed  from  pro- 
cessor  28  and  an  electro-optical  transmitter  32, 
e.g.  an  infrared  LED  transmitter  unit.  The  optical 
signals  transmitted  from  transmitter  32  are 
received  by  an  opto-electrical  receiver  36  which 
converts  the  received  optical  signals  into  electri- 
cal  digital  signals  and  feeds  these  signals  via  an 
interface  45  to  a  processor  46.  This  processor  46 
takes  over  the  decision-making  process  of  the 
processor  28  in  the  embodiment  of  Fig.  4  to 
determine  the  height  and  sink  rate  signals  that  are 
to  generate  the  flare  and  warning  signals.  For  the 
purpose  of  generating  these  signals,  the  pro- 
cessor  unit  46  has  a  store  39  containing  program 
data  and  also  control  data  relevant  to  the  particu- 
lar  helicopter  type.  The  warning  and  flare  signals 
are  given  in  sufficient  time  to  enable  the  pilot  to 
react  so  that  the  actual  flare  initiation  and  flare 
termination  are  carried  out  by  the  pilot  at  the 
correct  heights.  In  other  words,  the  flight  changes 
prior  to  initiation  of  the  signals  are  taken  into 
account  to  estimate  when  the  helicopter  will 
reach  the  appropriate  heights  for  starting  and 
ending  the  flare  and  the  signals  given  to  the  pilot 
in  time  for  him  to  react  and  make  the  corrections 
as  these  heights  are  reached. 

The  processor  46  controls  a  speech  signal 
generator  42  which  feeds  a  speech  signal  ampli- 
fier  43  and  from  there  it  is  connected  via  an  output 
37  to  the  pilot  head-set.  37  may  be  a  T-connector 
which  is  interposed  in  the  path  between  the  head- 
set  and  the  normal  radio  equipment  of  the 
helicopter  cockpit.  44  designates  a  store  which 
stores  various  speech  signals.  The  speech  signal 
generator  need  not  be  a  speech  synthesizer  but 
can  be  simply  extract  appropriate  digital  signals 
from  store  44  since  the  necessary  vocabulary  is 
limited.  51  shows  an  optional  unit  which  may  be 
used  instead  of  or  additional  to  the  speech  signal 
generating  unit  and  is  a  visual  display  unit  which 
can  give  visible  flare  and  warning  signals  to  the 
pilot  instead  of  audible  signals. 
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The  complete  unit  34  is  contained  in  a  housing 
represented  by  the  surrounding  square  box  ref- 
erenced  34.  Units  10'  and  34  are  designed  to  be 
readily  removable  and  portable  for  training  use 
on  different  helicopters.  Unit  34,  however,  since  it 
is  to  go  in  the  cockpit  can  be  designed  to  be  fed 
from  the  normal  on-board  power  supply  and 
plugged  into  this  supply  by  a  cockpit  power 
socket.  Obviously,  it  needs  to  be  positioned  such 
that  the  optical  signals  can  be  received  by  the  unit 
36,  i.e.  so  that  the  transducer  35  has  an  unobs- 
cured  optical  path  to  it. 

Clearly  again,  if  the  equipment  is  to  be  a 
standard  or  permanent  fit  in  a  helicopter,  the 
optical  transmission  units  and  paths  can  be 
replaced  by  cables  and  unit  10'  would  not  need  a 
separate  battery.  In  this  embodiment  also  radio 
transmission  could  be  used  to  transmit  sighals 
from  the  unit  in  the  housing  10  to  unit  34.  This 
need  not  be  the  normal  VHF  equipment  but  would 
in  the  embodiment  shown  in  Fig.  7  be  preferably  a 
separate  radio  transmission  path  specific  to  the 
units. 

As  with  the  previous  embodiment,  many  modi- 
fications  are  possible  and  the  housing  10  would 
preferably  be  aerodynamic  in  shape. 

Processor  46,  in  addition  to  processing  the 
height  and  sink  rate  signals  to  determine  the  time 
of  initiation  of  the  flare  and  warning  signals,  can 
also  check  various  elements  of  the  system  and 
produce  warnings  of  breakdown,  e.g.  low  battery 
charge,  interruption  in  the  optical  transmission 
path  etc. 

Claims 

1.  A  landing  aid  (10'),  fora  helicopter  with  a  tail 
rotor,  for  assisting  a  pilot  to  carry  out  a  simulated 
or  real  auto-rotation,  landing  comprising  a  height- 
measuring  arrangement  (11)  with  transmitting 
and  receiving  means  (26,40),  positioned  at  the  tail 
(16)  of  the  helicopter,  for  a  high  frequency  elec- 
tromagnetic  wave  beam  (64)  the  axis  (62)  of 
which  is  directed  backwards  and  obliquely  down- 
wards  from  the  helicopter,  relative  to  the  longi- 
tudinal  axis  thereof,  and  means  for  calculating  the 
tail  height  from  the  reflected  electromagnetic 
wave  signals;  and  further  comprising  computing 
means  (12)  for  computing  the  tail  sink  rate  from 
the  said  height  measurements  or  reflected  elec- 
tromagnetic  wave  signals,  and  means  (12,  13  and 
34)  for  providing  a  warning  signal  to  tell  the  pilot 
to  stop  the  flare  when  the  tail  sink  rate  relative  to 
its  instantaneous  height  corresponds  to  a  value 
indicating  danger  of  tail/ground  contact,  charac- 
terised  by  means  (12,  13  and  34)  for  providing  a 
flare  signal,  indicating  the  need  to  start  the  flare, 
in  sufficient  time  to  enable  the  pilot  to  start  the 
flare  at  an  appropriate  height. 

2.  A  landing  aid  according  to  claim  1  wherein 
the  transmitting  and  receiving  means  comprise 
first  means  (26)  for  transmitting  said  high  fre- 
quency  electromagnetic  wave  beam  or  first  beam 
(17)  and  second  transmitting  and  receiving  means 
(40)  for  transmitting  a  second  high  frequency 

elctromagnetic  wave  beam  (18)  directed  sub- 
stantially  vertically  downwards  when  the  helicop- 
ter  axis  in  substantially  horizontal  and  wherein 
the  height  calculation  and  tail  sink  rate,  computa- 

5  tion  is  effected  using  the  second  beam  (18) 
signals  prior  to  the  giving  of  the  flare  signal  and 
using  said  first  beam  (17)  signals  after  the  giving 
of  said  flare  signal. 

3.  A  landing  aid  according  to  claim  1  wherein 
10  said  high  frequency  electromagnetic  wave  beam 

(64)  is  sufficiently  broad  to  ensure  that  both  when 
the  helicopter  is  at  a  customary  auto-rotation 
attitude  in  a  descent  prior  to  flare  and  when  in  the 
steepest  normal  flare  attitude,  reflected  wave 

15  signals  (61)  are  receivable  from  the  ground  sub- 
stantially  vertically  below  the  tail  mounted  trans- 
mitting  and  receiving  means  (26a,  26b). 

4.  A  landing  aid  according  to  claim  1  wherein 
the  flare  and  warning  signals  are  coupled  to  a 

20  pilot  head-set  (37)  via  a  connector  which  can  be 
interposed  in  a  normal  connection  between  the 
head-set  and  the  standard  radio  equipment. 

5.  A  landing  aid  according  to  claim  1  wherein 
said  height-measuring  arrangement  is  in  an  "add- 

25  on"  first  module  (10')  containing  its  own  power 
supply  in  a  housing  (10)  with  means  (10a)  for 
releasably  clamping  the  housing  to  the  helicopter 
tail;  the  means  for  generating  the  flare  and 
warning  signals  is  in  a  second  module  (34)  for 

30  removable  positioning  in  the  helicopter  cabin  and 
connectable  to  the  helicopter  power  supply;  and 
the  first  module  (10')  has  signal  transmitting 
means  (32)  for  transmitting  height  and  speed 
information  signals  to  signal  receiving  means  (35) 

35  for  the  second  module  (34). 
6.  A  landing  aid  according  to  claim  2  wherein 

the  height-measuring  arrangement  (11)  and  first 
(26)  and  second  (40)  transmitting  and  receiving 
means  are  formed  by  a  single  height  determining 

40  radar  equipment  (25)  feeding  two  separate  trans- 
mit/receive  antennas  (26,  40)  via  a  switching 
arrangement  (38),  one  transmit/receive  antenna 
(26)  being  for  the  first  beam  and  the  other  (40)  for 
the  second  beam. 

45  7.  A  landing  aid  according  to  claim  2  arranged 
such  that  on  take-off  the  operative  height-measur- 
ing  beam  is  said  first  beam  (17)  but  the  operative 
beam  is  changed  to  the  second  beam  (18)  as  soon 
as  the  helicopter  exceeds  said  predetermined 

so  initial  flare  altitude. 
8.  A  landing  aid  according  to  claim  6  wherein 

the  signal  transmitting  and  signal  receiving 
means  are  electro-optical  means  (32,  35,  36). 

9.  A  landing  aid  according  to  claim  6  wherein 
55  the  signal  transmitting  and  signal  receiving 

means  are  radio  devices  (32,  10d,  35,  36). 

Patentanspriiche 

so  1.  Landehilfe  (10')  fur  einen  Hubschrauber  mit 
Heckrotor,  zur  Unterstiitzung  des  Pilotes  urn 
simulierte  oder  reale  Autorotationslandungen 
durchzufiihren,  bestehend  aus  einem  Hohenmes- 
ser  (11)  mit  Sender  und  Empfanger  (26,  40) 

65  angebaut  am  Heck  (16)  des  Hubschraubers  urn 
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hochfrequente  elektromagnetische  Signale 
(Strahlen)  (64)  in  der  Richtung  (62),  relativ  zur 
Langsachse  des  Hubschraubers,  nach  schrag 
unten  hinten  vom  Hubschrauber  auszusenden, 
und  MeSeinrichtung  um  die  Heckhohe  festzustel-  s 
len  durch  den  Empfang  des  reflektierten  eletro- 
magnetischen  Signals  und  weiterer  Signalaus- 
wertungen  (12)  um  die  Sinkrate  des  Hecks  zu 
errechnen  aus  den  angefiihrten  Hohenmessun- 
gen  oder  aus  den  reflektierten  hochfrequenten  10 
elektromagnetischen  Signaien,  sowie  Einrichtun- 
gen  (12,  13,  34)  ein  Warnsignal  zu  erzeugen,  das 
dem  Piloten  sagt,  wann  er  die  Schraglage  (Flare) 
zu  beenden  hat  und  zwar  wenn  die  Hecksinkrate 
im  Verhaltnis  zur  vorhandenen  Hohe  einen  Wert  w 
ergibt  der  die  Gefahr  des  Heck/Boden  Kontaktes 
anzeigt,  gekennzeichnet  durch  Einrichtungen  (12, 
13,  34)  zur  Erzeugung  eines  Schraglage  (Flare) 
signals  das  den  Zeitpunktzur  Einleiten  der  Schra- 
glage  (Flare)  angibt,  fruh  genug  damit  der  Pilot  in  20 
der  Lage  ist,  die  Schraglage  (Flare)  in  der  idealen 
Hohe  einzuleiten. 

2.  Landehilfe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  Sender  und  Empfanger  eine 
erste  Einrichtung  (26)  darstellen  um  ein  erstes  25 
hochfequentes  elektromagnetisches  Signal  oder 
Strahl  (17)  auszusenden  und  einen  zweiten  Sen- 
der  und  Empfanger  (40)  um  ein  zweites  hochfre- 
quentes  electromagnetisches  Signal  (18)  auszu- 
senden,  das  direkt  nach  unten  hinten  gerichtet  ist  30 
wenn  die  Hubschrauberachse  im  wesentlichen 
horizontal  ist,  bei  der  die  Hohen-  und  Hecksinkra- 
teberechnungen  dadurch  bestimmt  werden,  dafS 
das  zweite  Sendesignal  (18)  vor  dem  Auslosen 
der  Flarewarnung  und  der  erste  Sendesignal  (17)  35 
nach  dem  Auslosen  verwendet  wird. 

3.  Landehilfe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  der  hochfrequente  elektro- 
mangnetische  Strahl  (64)  breit  genug  ist,  um 
sicherzugeben,  dalS  wenn  der  Hubschrauber  in  40 
einem  iiblichen  Autorotationssinkfluglage  befin- 
det  vor  dem  Fiare,  sowohl  als  auch  in  seiner 
steilst  moglichen  Flarelage,  in  jedem  Fall  reflek- 
tierte  Signale  (61)  vom  Boden  senkrecht  zum 
Heck,  durch  die  am  Heck  angebaute  Sende-  und  45 
Empfangseinrichtung  (26a,  26b)  empfangen 
werden  konnen. 

4.  Landehilfe  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  Flare-  und  Warnsignale 
direkt  in  die  Kopfhorer  (37)  der  Piloten  uber  eine  50 
Verbindung  gegeben  werden,  die  eine  direkte 
Verbindung  von  der  Radioausriistung  des  Hub- 
schraubers  zu  den  Kopfhorern  darstellt. 

5.  Ladehilfe  nach  Anspruch  1,  dadurch'  gekenn- 
zeichnet,  dalS  der  Hohenmesser  als  zusatzlicher  55 
anbaubarer  Bausatz  (10')  mit  eigener  Stromver- 
sorgung  in  einem  Gehause  (10)  ist,  mit  Montage- 
einrichtung  (10a)  zum  gelegentlichen  An-  und 
Abbau  an  das  Hubschrauberheck,  dalS  die  Einrich- 
tung  zur  Erzeugung  der  Flare-  und  Warnsignal  ist  60 
dabei  in  einem  zweiten  Gehause  (34)  unterge- 
bracht  um  so  in  die  Kabine  ein-  und  ausgebaut 
werden  zu  konnen  und  an  die  Stromversorgung 
des  Hubschraubers  angeschlossen  werden  zu 
konnen,  und  daG  die  erste  Einrichtung  (10')  hat  65 

eine  Sendeeinrichtung  (32)  um  Hohen-  und  Sin- 
kraten  zu  einer  Signalwertung  (35),  die  im  zweiten 
Gehause  (34)  untergebracht  ist,  zu  senden. 

6.  Landehilfe  nach  Anspruch  2,  dadurch 
gekennzeichnet,  dalX  der  Hohenmesser  (11)  sowie 
der  erste  (26)  und  zweite  (40)  Sende-  und  Emp- 
fangseinrichtung  so  ausgelegt  sind,  daS  ein  einzi- 
ger  Radarhohenmesser  (25)  betrieben  wird, 
wobei  zwei  verschiedene  Sende-  und  Emfangsan- 
tennen  (26,  40)  betrieben  werden  uber  eine 
Umschalteinrichtung  (38),  wobei  eine  Sende-  und 
Empfangsantenne  (26)  fur  das  erste  Sendesignal 
und  das  zweite  Antennenpaar  (40)  fur  den  zweiten 
Sendestrahl  benutzt  wird. 

7.  Landehilfe  nach  Anspruch  Z,  so  konstruiert, 
dalS  beim  Hubschrauberstart  fur  die  Hohenmes- 
sung  der  erste  Sendesignal  (17)  benutzt  wird, 
dann  auf  den  zweiten  Sendesignal  (18)  umge- 
schaltet  wird  sobald  der  Hubschrauber  eine  vor- 
her  festgelegte  erste  Flareeinleitungshohe  iiber- 
schreitet. 

8.  Landehilfe  nach  Anspruch  6,  dadurch 
gekennzeichnet,  dalS  die  Sende-  und  Empfangs- 
einrichtungen  elektro-optischer  Art  (32,  35,  36) 
sind. 

9.  Landehilfe  nach  Anspruch  6,  dadurch 
gekennzeichnet,  dalS  die  Sende-  und  Empfangein- 
richtungen  Radioanlagen  (32,  10d,  35,  36)  darstel- 
len. 

Revendications 

1.  Appareil  (10')  d'aide  a  I'atterrissage  destine  a 
un  helicoptere  ayant  un  rotor  posterieur,  destine  a 
aider  un  pilote  qui  doit  effectuer  un  atterrissage 
en  autorotation  reelle  ou  simulee,  comprenant  un 
arrangement  (11)  de  mesure  de  hauteur  muni  de 
dispositifs  (26,  40)  d'emission  et  de  reception  d'un 
faisceau  (64)  d'ondes  electromagnetiques  a  haute 
frequence  dont  I'axe  (62)  est  dirige  vers  I'arriere  et 
obliquement  vers  le  bas  a  partir  de  I'helicoptere 
par  rapport  a  I'axe  longitudinal  de  celui-ci,  le 
dispositif  d'emission  et  de  reception  etant  place  a 
la  queue  (16)  de  I'helicoptere,  et  un  dispositif  de 
calcul  de  la  hauteur  de  la  queue  a  partir  des 
signaux  reflechis  d'ondes  electromagnetiques,  et 
comprenant  en  outre  un  dispositif  (12)  de  calcul 
de  la  vitesse  de  descente  de  la  queue  a  partir  des 
mesures  de  hauteur  ou  des  signaux  d'ondes 
electomagnetiques  reflechies,  et  un  dispositif  (12, 
13  et  34)  destine  a  transmittre  un  signal  d'avertis- 
sement  indiquant  au  pilote  qu'il  doit  interrompre 
le  cabre  lorsque  la  vitesse  de  descente  de  la 
queue  par  rapport  a  sa  hauteur  instantanee  cor- 
respond  a  une  valeur  qui  indique  un  danger  de 
contact  de  la  queue  avec  le  sol,  caracterise  par  un 
dispositif  (12,  13  et  34)  destine  a  transmettre  un 
signal  de  cabre  indiquant  la  necessite  du  debut  du 
cabre,  a  un  moment  suffisant  pour  que  le  pilote 
puisse  commencer  le  cabre  a  une  hauteur  conve- 
nable. 

2.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  1,  dans  lequel  le  dispositif  d'emission  et 
de  reception  comporte  un  premier  dispositif  (26) 
destine  a  emettre  un  premier  faisceau  (17)  ou 
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(10a)  de  montage  temporaire  du  boTtier  sur  la 
queue  de  I'helicoptere,  le  dispositif  generateur 
des  signaux  de  cabre  et  d'avertissement  se  trouve 
dans  un  second  module  (34)  destine  a  etre  dis- 
pose  temporairement  dans  la  cabine  de  I'helicop- 
tere  et  a  etre  connecte  a  I'alimentation  de  I'heli- 
coptere,  et  le  premier  module  (10')  comporte  un 
dispositif  (32)  d'emission  de  signaux  de  hauteur 
et  d'informations  de  vitesse  vers  un  dispositif  (35) 
de  reception  de  signaux  du  second  module  (34). 

6.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  2,  dans  lequel  I'arrangement  (11)  de 
mesure  de  hauteur  ainsi  que  le  premier  (26)  et  le 
second  (40)  dispositif  d'emission  et  de  reception 
sont  formes  par  un  appareillage  unique  (25)  a 
radar  de  determination  de  hauteur,  alimentant 
deux  antennes  separees  d'emission-reception 
(26,  40)  par  I'intermediaire  d'un  arrangement  de 
commutation  (38),  une  premiere  antenne  (26) 
d'emission-reception  etant  destinee  au  premier 
faisceau  et  I'autre  (40)  au  second  faisceau. 

7.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  2,  dispose  de  maniere  quel  lors  d'un 
decollage,  le  faisceau  actif  de  mesure  de  hauteur 
soit  le  premier  faisceau  (17),  mais  que  le  faisceau 
actif  devienne  le  second  (18)  des  que  I'helicoptere 
depasse  I'altitude  predeterminee  de  cabre  initial. 

8.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  6,  dans  lequel  les  dispositifs  d'emission 
et  de  reception  de  signaux  sont  des  dispositifs 
electrooptiques  (32,  35,  36). 

9.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  6,  dans  lequel  les  dispositifs  d'emission 
et  de  reception  de  signaux  sont  des  dispositifs 
radioelectriques  (32,  10d,  35,  36). 

faisceau  d'ondes  electromagnetiques  a  haute  fre- 
quence,  et  un  second  dispositif  (40)  d'emission  et 
de  reception  destine  a  emettre  un  second  faisceau 
(18)  d'ondes  electromagnetiques  a  haute  fre- 
quence  oriente  en  direction  sensibiement  verti-  5 
cale  vers  le  bas  lorsque  I'axe  de  I'helicoptere  est 
sensibiement  horizontal,  et  dans  lequel  le  calcul 
de  hauteur  et  le  calcul  de  vitesse  de  descente  de 
queue  sont  effectues  a  I'aide  des  signaux  du 
second  faisceau  (18)  avant  transmission  du  signal  io 
de  cabre  et  a  I'aide  des  signaux  du  premier 
faisceau  (17)  apres  transmission  du  signal  de 
cabre. 

3.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  1,  dans  lequel  le  faisceau  (64)  d'ondes  is 
electromagnetiques  a  haute  frequence  est  suffi- 
samment  large  pour  que  les  signaux  d'ondes 
reflechies  (61)  puissent  etre  regus  a  partir  du  sol 
en  direction  sensibiement  verticaie  au-dessous 
du  dispositif  d'emission  et  de  reception  (26a,  26b)  20 
monte  sur  la  queue,  aussi  bien  lorsque  I'helicop- 
tere  a  une  attitude  courante  d'autorotation  pen- 
dant  une  descente  avant  un  cabre  et  lorsqu'il  a 
I'attitude  la  plus  inclinee  de  cabre  normal. 

4.  Appareil  d'aide  a  I'atterrissage  selon  la  reven-  25 
dication  1,  dans  lequel  les  signaux  de  cabre  et 
d'avertissement  sont  couples  a  un  casque  (37) 
d'un  pilote  par  un  connecteur  qui  est  normale- 
ment  connecte  entre  le  casque  et  I'appareillage 
radioelectrique  classique.  30 

5.  Appareil  d'aide  a  I'atterrissage  selon  la  reven- 
dication  1,  dans  lequel  I'arrangement  de  mesure 
de  hauteur  comporte  un  premier  module  (10')  de 
type  amovible,  contenant  sa  propre  alimentation 
en  energie  dans  un  boftier  (10)  ayant  un  dispositif  35 
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